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ABSTRACT 



An improved method of manufacturing holographic 
elements for fiber and integrated optic systems in which 
a spatially and temporally coherent beam of electro- 
magnetic radiation is divided into two beam paths. The 
first beam path and the second beam path are optically 
aligned with each other so that the beams impinge upon 
a photosensitive medium and interfere therein. Addi- 
tionally, a spherically diverging wavefront is formed 
within one of the paths while an identical polarization is 
maintained in the beams of the two beam paths. By 
appropriate processing of the photosensitive medium a 
holographic element is formed which is substantially 
improved over holographic elements for fiber and inte- 
grated optic systems produced by manufacturing tech- 
niques of the past. 

1 Claim, 2 Drawing Figures 




01/05/2004, EAST Version: 1.4-1 



U.S. Patent m 12, 1983 



Sheet 1 of 2 



4,392,709 




01/05/2004, EAST Version: 1.4.1 



U.S. Patent m. 12, 1983 sheet 2 of 2 4,392,709 




01/05/2004, EAST Version: 1.4.1 



4,392,709 

1 2 

METHOD OF MANUFACTURING SUMMARY OF THE INVENTION 

HOLOGRAPHIC ELEMENTS FOR FIBER AND The instant invention overcomes the problems en- 

INTEGRATED OPTIC SYSTEMS countered in the past by providing an improved method 

5 of manufacturing a holographic element for fiber optic 

STATEMENT OF GOVERNMENT INTEREST and integrated optic applications. 
The invention described herein may be manufactured ^ nc improved method of manufacturing a holo- 
and used by or for the Government for governmental graphic element (hologram) of this invention replaces 
purposes without the payment of any royalty thereon. tne fiber P atn or optical fiber with a convergent lens and 

rw,-,~^„~,~ 10 ^ necessary beam steering mirrors in order to direct the 

BACKGROUND OF THE INVENTION light beam when making the holographic element. In so 

This invention relates generally to holographic ele- doing this invention assures that a high quality holo- 
ments, and, more particularly, to the manufacture of graphic pattern is laid down over 100% of the area of 
holographic elements for use with fiber and integrated the photosensitive medium in common with the pair of 
optic systems. 13 beams utilized in making the hologram. The result of 

Holography is a technique for recording, and later using the technique of this invention in manufacturing 
reconstructing, the amplitude and phase distribution of holographic elements is that it produces an improve- 
a coherent wave disturbance. Generally, the technique ment of greater than approximately 25% over the tech- 
utilized for providing a hologram is accomplished by „ niques of the past. 

recording the pattern of interference between an un- It is therefore an object of this invention to provide 
known wave of interest and a known wave. These an improved method of manufacturing holographic 
waves, one for example, reflected from an object, usu- elements for fiber optic and integrated optic systems, 
ally called the object wave, and the other which by- It is another object of this invention to provide a 
passes the object, usually called the reference wave, 2 j mctn od of manufacturing holographic elements which 
strike a light-sensitive recording medium, such as a eliminates the speckle pattern problem inherent in mul- 
photographic film or plate. Thus, incident on the re- ti-mode optical fibers when these fibers are utilized in 
cording medium is the sum of the light from the object the manufacturing or fabricating of holographic optical 
and the mutually coherent reference wave. elements. 

While all light-sensitive recording media respond ^ It is a further object of this invention to provide a 
only to light intensity, none the less in the pattern of method of manufacturing holographic elements in 
interference between the two waves there is preserved which a single convergent lens is utilized to simulate the 
a complete record of the amplitude and the phase distri- output of an optical fiber. 

bution of one of the waves with respect to the other. It is still another object of this invention to provide an 
Amplitude information is preserved as a modulation of 35 improved methsd of manufacturing holographic ele- 
the depth of the interference fringes, while phase infor- ments which is both economical as well as capable of 
mation is preserved as variations of the positions of the utilizing conventional, currently available components 
fringes. in the procedure. 

The photographic recording obtained is known as a For a better understanding of the present invention, 
hologram although this record generally bears no re- 40 together with other and further objects thereof; refer- 
semblance to the original object, but rather is a collec- ehce is made to the following description taken in con- 
tion of many fine fringes which appear in rather irregu- junction with the accompanying drawing and its scope 
lar patterns. None the less, when this photographic will be pointed out in the appended claims, 
transparency (hologram) is illuminated by coherent 

light corresponding to the reference wave one of the 45 DETAILED DESCRIPTION OF THE DRAWING 
transmitted wave components is an exact duplication of FIG. 1 is a schematic representation of the technique 
the original object wave. of this invention for manufacturing holographic ele- 

Recently great use has been made of holographic ments; and 
optical elements for use in fiber optic communications FIG. 2 is a schematic representation of a modification 
links and integrated optics systems. Examples of such 50 of the technique of this invention for manufacturing 
holographic optical elements (holograms) for use in holographic elements, 
fiber optic communication links and integrated optic 

systems can be found in the form of multiplexer/demul- DETAILED DESCRIPTION OF THE 

tiplexers of the type disclosed in the inventors* U.S. PREFERRED EMBODIMENT 

patent application Ser. No. 144,819 (now U.S. Pat No. 55 Reference is now made to FIG. 1 of the drawing in 
4,359,259) filed Apr. 29, 1980, in couplers to wave- order to describe the manufacturing technique of this 
guides such as set forth in U.S. Pat No. 3,885,856 issued invention utilized to make holographic elements which 
May 27, 1975. In all of the above applications an optical in the past required within one of the beam paths an 
fiber is utilized with one of the beams in order to pro- optical fiber. Such past techniques produced a resultant 
duce the desired hologram. Unfortunately, the utiliza- 60 speckle pattern which decreased the overall efficiency 
tion of an optical fiber within the holographic manufac- of the system which incorporated the hologram therein, 
turing technique produces a so-called speckle pattern, The procedure of this invention incorporates therein 
which is due to a random distribution of intensities and the utilization of a photosensitive medium 12 described 
polarization. Since the interference phenomenon is sen- more fully in detail hereinbclow and any conventional 
sitive to both these parameters, there will be substantial 65 source of temporally and spatially coherent, monochro- 
areas on the hologram where a poor interference pat- matic electromagnetic radiation 14. The source of elec- 
tem is recorded. Consequently, the overall efficiency of tromagnetic radiation may be in the form of any suitable 
the system is considerably reduced. laser such as, for example, an argon laser. . 
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Laser 14 produces a beam 16 of electromagnetic radi- 
ation. Beam 16 is divided into two portions or paths, 
hereinafter referred to as beams 18 and 20, by any con- 
ventional beam dividing means such as a conventional 
beam splitter 22. Spatial filtering of beam 16 may be 
accomplished by any conventional spatial filtering de- 
vice, such as a lens and pinhole filter 24 while collima- 
tion of beam 16 may be achieved by any conventional 
collimating device such as lens 26. Additionally, in the 
method of this invention for manufacturing a holo- 
graphic element, the path length of beams 18 and 20 are 
made substantially equal to provide the appropriate 
interference between beams 18 and 20 within photosen- 
sitive medium 12. 

Still referring to FIG. 1 of the drawing, a more de- 
tailed description of the photosensitive medium 12 is 
given hereinbelow. Photosensitive medium 12 is made 
up of, for example, a photographic emulsion having the 
appropriate characteristics, a photo resist film, a dichro- 
mated gelatin film or the like. The specific choice de- 20 
pends upon the properties needed for a specific applica- 
tion of the holographic elements produced by this in- 
vention. Furthermore, photosensitive medium 12 is 
made of sufficient thickness and exposed appropriately 
to achieve a high diffraction efficiency (i.e., 80%) and 25 
yet not so thick or inappropriately oriented that it will 
have too narrow a bandwidth of operation (i.e., ±15% 
about the central wavelength). 

Both of the paths of beams 18 and 20 are of substan- 
tially identical length as indicated hereinabove. This is 30 
achieved by the appropriate placing of any suitable 
directing element such as mirror 28 in the path of beam 
18 and mirrors 30 and 32 in the path of beam 20. Each 
of the paths of beams 18 and 20 utilize a lens 34 and 36, 
respectively, within the paths so as to direct each beam 
18 and 20, respectively, to interfere upon the photosen- 
sitive medium 12. 

In general, one of the beams 18 passes through photo- 
sensitive medium 12 as a converging beam while the 
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ing, records the resultant fringe pattern as a refractive 
index or phase change in the medium. Judicious choice 
of angular relationship between beams 18 and 20 assist 
in lowering reflection losses while obtaining high dis- 
persion and reasonable beam intensity throughout the 
interference region. The ratio of the two beam intensi- 
ties would preferably be unity at the center of the pat- 
tern, although it varies by a factor of two across the 
interference region due to the oblique angle between 
the input of path 20 and the photosensitive medium 12. 
The use of identical path lengths for beams 18 and 20 
insures both a high coherence between the two beams 
and a high modulation of the interference fringes where 
the beam intensities are similar. 

In making the holographic element, photosensitive 
medium 12 is exposed by beam 18 and 20. For example, 
using a dichromated gelatin film about 15 micrometers 
in thickness as the photosensitive medium 12, an expo- 
sure of over 100 millijoules for beam 16 would yield 
maximum diffraction efficiency, although it should be 
realized that this procedure is not limited to a particular 
exposure. Subsequent development of photosensitive 
medium 12 produces a holographic element which may 
be utilized as an optical coupler as described in U.S. Pat. 
No. 3,885,856 or as a multiplexer/demultiplexer as de- 
scribed in the inventors' aforementioned U.S. patent 
application Ser. No. 144,819 filed Apr. 29, 1980. 

It should be realized, however, that the method of 
this invention is not limited to the particular embodi- 
ment illustrated in FIG. 1 of the drawing in which the 
manufacture of a transmission holographic element is 
formed but may be modified within the scope of this 
invention by for example, directing beam 20 on the 
other side of the photosensitive medium 12 as illustrated 
in FIG. 2 of the drawing thereby producing a reflective 
holographic element. The essential factor to recognize 
with this invention is not the exact positioning of the 
two beams but the elimination of an optical fiber in the 



other beam passes through photosensitive medium 12 as 40 manufacturing technique of holographic elements so as 



a diverging beam. However, it should be noted that 
both beams may be diverging or converging, if desired, 
depending on the application in which the holographic 
element is to be used. This invention eliminates the use 
of an optical fiber within the beam paths by substituting 45 
therefor an air path 38 and an appropriate focusing 
element such as lens 36 which produces a diverging 
wavefront similar to that emerging from the fiber it 
replaces, but thereby eliminating the problems associ- 
ated with optical fibers utilized in the path. 50 

Lens 36 (or 34) is arranged to focus beam 20 (or 18) at 
a point in space previously occupied by, for example, 
the end of an optical fiber. In so doing, such a procedure 
also simulates the output of a perfect, i.e., monoinode 
optical fiber. Consequently, the technique of this mven- 55 
tion eliminates the speckle pattern problem which is 
associated with optical fibers. As a result of the utiliza- 
tion of the technique of this invention, a high quality 
interference pattern is recorded in all regions within 



to eliminate the speckle pattern problem. 

As an example of a further technique for manufactur- 
ing a holographic element within the confines of this 
invention reference is now made to FIG. 2 of the draw- 
ing. Also, to avoid obvious redundancies, since the basic 
procedure and concept involved in the making of the 
holographic element set forth in FIG. 2 of the drawing 
is essentially the same as described hereinabove with 
reference to the technique set forth with respect to FIG. 
1 of the drawing, a detailed explanation of similar pro- 
cedures and concepts will not be repeated. Further- 
more, all like elements set forth in FIG. 2 which have 
been previously described and referenced by a particu- 
lar reference numeral with respect to FIG. 1 of the 
drawing will have a similar reference numeral in FIG. 2 
of the drawing. 

The essential difference between the procedure set 
forth will respect to FIG. 1 of the drawing and the 
procedure set forth in FIG. 2 is the relocation of the 



photosensitive medium 12. Thereby, the overall effi- 60 reflecting and focusing elements. For example, substan- 



ciency of the holographic element produced by this 
invention is substantially increased. All output problems 
associated with optical fibers being changed or, in some 
instances, when the same fiber is flexed or bent is sub- 
stantially eliminated. 

The converging beam 18 and diverging beam 20 meet 
and interfere in photosensitive medium 12, which, after 
appropriate development, bleaching or other process- 



es 



tially 100% reflective mirrors 40 and 42 are provided in 
order to direct beam 18 around one side of photosensi- 
tive medium 12 and beam 20 to the other side of photo- 
sensitive medium 12. Otherwise, the setup for fabrica- 
tion set forth in FIG. 2 of the drawing is identical to the 
setup depicted in FIG. 1 of the drawing. In both in- 
stances the interference within photosensitive medium 
12 takes place, in which the photosensitive medium 12 
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records the resultant fringe pattern as a refractive index 
or phase change in the medium. 

Subsequent exposure and development of the photo- 
sensitive medium 12 in order to produce the holo* 
graphic element is accomplished in the same manner 5 
described hereinabove with respect to the fabrication of 
the holographic elements set forth in FIG. 1 of the 
drawing. 

Although this invention has been described with 
reference to a particular technique it will be understood 10 
to those skilled in the art that this invention is also capa- 
ble of modification of this technique within the spirit 
and scope of the appended claims. 

We claim: 

1. An improved method of manufacturing a reflective IS 
holographic element for fiber and integrated optic sys- 
tems in order to substantially eliminate speckle pattern 
problems, comprising the steps of: 

(a) providing a photosensitive medium of sufficient 
thickness to achieve a high diffraction efficiency of 20 
approximately 80% and a broad bandwidth of op- 
eration of approximately ±15% about a central 

■ wavelength; 

(b) providing a spatially and temporally coherent 
beam of electromagnetic radiation adjacent said 25 
photosensitive medium; 

(c) dividing said beam of electromagnetic radiation 
into a first beam following a first path of prese- 



6 

lected length and a second beam following a sec- 
ond path of preselected length; 

(d) placing reflecting elements in at least one of said 
paths in order to make said predetermined lengths 
of said first path and said second path substantially 
equal; 

(e) optically aligning said first beam path and said 
second beam path so that said first beam and said 
second beam impinge with each other on opposite 
sides of said photosensitive medium and interfere 
therein; 

(f) placing a lens within each of said first and said 
second beam paths adjacent said photosensitive 
medium in order to form a spherically converging 
wavefront within said first beam path and a spheri- 
cally diverging wavefront within said second beam 
path; 

(g) maintaining an angular relationship between said 
diverging beam and said converging beam so as to 
produce low reflection losses while obtaining sub- 
stantially high dispersion throughout the interfer- 
ence region within said photosensitive medium; 

(h) maintaining identical polarization in said first and 
said second beams; and 

0) processing said photosensitive medium in order to 
form said holographic element having said broad 
bandwidth of operation. 

* * * ♦ * 
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